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The increase in global atmospheric CO2 over the last 200 years has generated an urgent need for 
strategies for sequestering carbon (C). Soil C, which has been depleted by land use change and 
agricultural practices, is a prime target for C storage. Land management practices, including no-
till, cover cropping and crop rotation, and the application of C amendments such as compost and 
biochar, are suggested to increase C in the soil. Spoon Full Farm, near Thorp, WA, was a 
conventional hay farm until 2016, when management practices changed to implement some of 
these C sequestration strategies. A prior CWU M.S. thesis (Kautzman, 2019) characterized soil C 
and N and soil CO2 flux for each of the different fields on Spoon Full farm. Kautzman (2019) 
concluded that the application of compost to a vegetable garden increased soil C even beyond the 
C content of the compost and explored correlations between CO2 flux from the soil and different 
environmental parameters including temperature and soil moisture. The current study measured 
the C and N concentrations and isotope ratios at greater resolution with depth, in fields that had 
previously been surveyed. In addition, CO2 flux was monitored in two sections of a hay field; 
one section had received compost amendments while the other had not. Eight months after the 
compost amendment, the C content and CO2 fluxes in the two sections were statistically 
 
iv 
indistinguishable, indicating that the compost carbon had neither entered the soil nor impacted 
the microbial and root respiration rates. Additionally, compared to prior measurements, there 
was significant C loss in the previously composted vegetable garden, suggesting that increases in 
soil C from compost amendments are not permanent. Using the higher resolution C concentration 
measurements, CO2 flux measurements on composted and uncomposted fields in different 
seasons, and biomass measurements, a C budget was constructed for the farm. This C budget can 
be used to evaluate the impact of future land use changes on the farm. These results underscore 
the complexity and heterogeneity of these farm soils and invite future study as to the C dynamics 
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 Increased atmospheric carbon dioxide, especially from anthropogenic sources, has led to 
a scientific focus on developing carbon (C) sequestration strategies. A presently under-utilized C 
sink is agricultural soil. One important activity for the sequestration of C is cropland 
management, which could sequester up to 1.2 billion metric tons of C per year, significantly 
offsetting global atmospheric CO2 emissions and reducing the atmospheric concentration by up 
to 50 ppm by 2150 (Lal, 2010, Hansen et al., 2008). Agricultural land use, and the transition of 
land to cropland, account for approximately 24% of greenhouse gas emissions, which has 
resulted in a feedback loop in which agricultural soils are less productive while global population 
necessitates greater food supply (Soussana et al., 2019). Due to the complexities of C cycling in 
soil and the heterogeneous nature of soils, there is not a singular set of land use practices that 
will reliably sequester C below ground. Detailed study of a number of biotic and abiotic factors 
in individual ecosystems and soil types are needed to understand the interactions necessary to 
store C, and to make effective recommendations to sequester C at the global scale (Smith and 
Waring, 2019).  
 Commonly recommended management techniques describe a transition from 
“conventional” farming techniques, to “conservation” farming techniques. Conventional 
management includes regular tillage to break up plant litter and prevent weeds, the application of 
chemical fertilizers and pesticides, and infrequent crop rotation. Conservation agricultural 
techniques include no-till practices, using cover crops or crop residue as soil cover, and regular 
crop rotation (Pittlekow et al., 2015). 
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 Spoon Full Farm, near Thorp, WA, transitioned to many of these conservation farming 
techniques beginning in 2016, in an effort to sequester more C in their soils, and to increase 
overall soil health. In 2018-2019, an initial study of the farm was performed by Kautzman 
(2019), who found that compost amendments in Spoon Full’s vegetable garden increased the C 
concentration in the soil even beyond the amount of C that the compost contained. In 2019, 
Spoon Full spread compost over one of their hay fields, as a method of introducing and keeping 
more C in the soil on that field. 
 This study explores the impact of that compost amendment on the hay field, by analyzing 
the C and N concentrations and isotope ratios of the soil profile and the soil CO2 flux in both a 
composted and an uncomposted area of the field. Repeated soil analysis was also done on other 
fields on the farm, to add to the body of data and investigate variation in these measurements 
over time. Additionally, in order to better constrain the components of the Spoon Full Farm C 
budget, surveys of vegetation were performed in which plant types were identified, and biomass 






Global Climate Change 
In order to address rapidly increasing atmospheric carbon concentrations, viable methods 
for long-term carbon sequestration are an urgent social, economic, and ecological need. Potential 
storage reservoirs, with varying degrees of logistic complexity, include the deep ocean, injection 
into deep geologic reservoirs, afforestation, restored wetlands, and soil carbon storage (Bolinder 
et al., 2007; Lal, 2008). Considering the engineering and financial complications of most of these 
potential storage reservoirs, terrestrial soil carbon sequestration is one of the more feasible 
potential means of removing carbon from the atmosphere (del Galdo et al., 2003; Lal, 2008). In 
the future, soil carbon sequestration may be increased primarily via change in land use practices, 
with some of the highest potential for storage in depleted agricultural soils (Ogle et al., 2012, 
Lal, 2008). To maximize carbon sequestration in soils, therefore, it is necessary to better 
understand and quantify the potential storage capacity of different soils and the residence time of 
carbon in those soils (Lal, 2008, del Galdo et al., 2003). In 2015, the United Nations Framework 
Convention on Climate Change proposed the ‘4 per 1000’ initiative, in which 0.4% more carbon 
could be stored annually in soils, mitigating atmospheric carbon emissions completely by 2030 
(Soussana et al., 2019). While an aspirational goal, the immediate and persistent threat of climate 
change necessitates scientific exploration into soil carbon storage conditions. 
Soil Carbon Basics 
 Carbon cycles through soil using a variety of biotic and abiotic pathways. Carbon, in the 
form of carbon dioxide (CO2), is removed by plants from the atmosphere and photosynthesized 
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to make sugars, which contain carbon. Through photosynthesis, the atmospheric carbon is 
incorporated into plant tissues, and may be put into the soil through root exudates or through the 
decomposition of plant litter including dead roots and dead above-ground plant material. Both of 
these mechanisms result in carbon entering the soil organic carbon (SOC) pool (Smith et al., 
2010). This SOC pool is considered labile, meaning that this carbon is easily broken down, 
displaced, or otherwise cycled to other carbon pools (Six et al., 2002, de Graaff et al., 2010). 
Carbon can leave the SOC pool by three mechanisms: 1) decomposition through microbial 
respiration, which oxidizes C into CO2; 2) physically through erosion and transport, or 3) by 
leaching into infiltrating waters, often dissolved as HCO3- (bicarbonate). This bicarbonate and its 
mineral precipitates form the inorganic soil carbon pool. This inorganic pool is considered more 
stable, and has the potential to facilitate carbon mineralization accomplishing sequestration at 
geologic time scales (Six et al., 2002, Kong et al., 2005). 
 The amount of carbon that may be stored in soils is governed by the balance of 
production and decomposition. Plant respiration combined with photosynthesis serves as a 
continuous cycling of carbon between soils and the atmosphere. Increased primary production 
increases soil carbon, while decomposition decreases soil carbon storage, through an increase in 
carbon turnover rate (Wang and Hsieh, 2002, Ontl and Schulte, 2012). However, protected soil 
organic matter (SOM), contained within aggregates or micro-aggregates contain highly 
decomposed, highly dense organic matter. The combination of density, stability of carbon-
bearing molecules, and protection makes it more resistant to transport, and therefore more stable 




Agricultural Soil Carbon 
 Agricultural soils contain 25 to 75 percent less SOC than natural or undisturbed soils due 
to decades to centuries of anthropogenic influence (Lal, 2004). Janzen (2004) found that initial 
cultivation can lead to a quick loss of about 20-30 percent of soil C due to exposing previously 
sheltered C to biological activity. This deficiency is exacerbated by the fact that SOC is the 
lighter fraction of soil, and is preferentially eroded (Lal, 2010, Smith et al., 2010). This is 
especially problematic when soil properties encourage the translocation of this organic carbon, 
such as when soil is well-drained, or has a high sand to gravel content. In sandy soils, carbon on 
the surface, such as from carbon amendments or no-till practices may increase or stabilize the C 
content in the topsoil (Lal, 2010, Jaiarree et al., 2014, Soussana et al., 2019). Irrigated cropland is 
even more complex, as the higher temperatures and increased available water prevents the 
accumulation of SOC and therefore C sequestration (Eschel et al, 2007). While there may be 
accumulation of inorganic carbonates through leaching, this is not always the case. Therefore, C 
sequestration strategies must be tailored to the individual ecosystem, cropping system, and soil 
type (Eschel et al., 2007, Jaiarree et al., 2014). It is important not only to understand the 
mechanisms by which more C may get into agricultural soils, but also the impacts that those 
mechanisms will have on soil chemistry and health, crop yield, etc. (Ogle et al., 2012). 
Current management best practices suggest reduced or no tillage, erosion control 
measures, the addition of organics, and use of cover crops in order to sequester more carbon in 
agricultural soils (Ogle et al., 2012, Ontl and Schulte, 2012). Reduced tillage reduces soil carbon 
loss from disturbance of the upper soil. Erosion control measures such as contour plowing or 
terrace farming also reduces losses from soil disturbance. Adding organics, such as manure, 
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compost, or additional crop residue or leaf litter actively inputs carbon into the soil. Using cover 
crops can both increase carbon input by establishing root systems and decreasing carbon loss 
through disturbance and erosion. Each of these strategies have complications, from an 
agricultural management perspective. Commonly recommended management strategies, which 
might result in an increase in soil organic carbon levels, may only make statistically significant 
changes over decadal time scales (Bell et al., 2012, Tautges et al., 2019). It is inherently difficult 
to quantify or understand changes in the shorter term.  Given the long-time frame for measurable 
changes to soil organic carbon levels, more detailed information about potential storage is 
necessary to understand the compromises that changing agricultural systems would require (Ontl 
and Schulte, 2012). The question of soil carbon storage is much more complex than simply how 
to get carbon into the soil; rather, it is a question of understanding and managing biologic, 
ecologic, and geologic processes to sequester carbon over longer time scales (Ogle et al., 2012, 
de Graaf et al., 2010, Hopkins et al., 2014). Restoration of cropland to grassland may yield less 
SOC storage, since fertilizing and intensive cropping may sequester C, however, this 
sequestration is offset by the emissions from the production of fertilizers, and emissions of other 
compounds due to land use (Leifeld et al., 2011). Overall, undisturbed restored grasslands still 
act as a net C sink. 
 Although it is possible to infer biogeochemical processes from isotopic ratios on a 
seasonal to annual basis, this time frame may not be adequate to consistently increase total C 
stocks at depth (>10cm) (Ramnarine et al., 2018, Tautges et al., 2019, Bell et al., 2012). Longer 
time scales are required to translate increased organic input into increased C stocks at depth in 
agricultural soils. Nonetheless, increased SOC in topsoil is encouraging for future C stock 
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potential. Despite increased soil OC due to C amendments and increased microbial activity from 
irrigation, there is not a linear relationship between a given management practice and soil C at 
depth. In some experimental treatments, C was actually greater in the 10-20 cm soil layer, 
compared to the 0-5 cm soil layer (Fuentes et al., 2010). Factors such as soil texture, clay 
content, vegetation, and climate can influence C storage at an ecosystem and smaller scale. 
Soil Stable Isotopes 
Turnover of carbon in soil pools can be modeled using the relationships of carbon isotopes in 
soil, related to an understanding of the plant type and climatic conditions in that system (Bernoux 
et al., 1998). The most abundant isotope of carbon is 12C, which makes up about 98.9% of all C 
on earth. 13C makes up about 1%, and 14C makes up approximately 0.0000000001%. Variations 
in the ratio of 13C/12C are reported as d13C, which is a comparison of the 13C/12C ratio in a sample 
to that in a standard, a Cretaceous belemnite from the PeeDee formation in South Carolina 
(PDB). The d13C of this standard is based on the 13C/12C ratio of C in the calcite skeleton of these 











 Carbon is taken up by plants as CO2 during photosynthesis. All plants discriminate 
against isotopically heavier 13C, but the degree to which they do this is dependent on their 
photosynthetic pathways. The two main types of photosynthesis are C3 and C4, named for the 
number of carbon atoms in the first molecule of carbon fixed from CO2. C3 plants are best 
adapted to cool, wet environments, while C4 plants are best adapted to warm, dry environments. 
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Most (~95%) of plants are C3, including wheat, rye, rice, cotton, sunflowers. C4 plants include 
maize, sugarcane, and sorghum. Due to the difference in photosynthetic pathways, the d13C of C3 
and C4 plants are distinct, with C3 plants ranging between –21‰ to -35‰, and C4 plants -10‰ to 
-14‰ (Tietzen, 1991). This difference in average d13C constitutes the dominant contributor to 
SOM, which is useful in determining the changes in SOM and soil C stocks upon change in land 
use practice or vegetation (de Rouw et al., 2015). When this change involves a change from C3 
to C4 plants or vice versa, the isotopic composition of soil C serves as a tracer of the dominant C 
source before and after the transition in land use (Busari et al., 2016). For example, a shift in 
isotope ratios from -12‰ near the surface to -32‰ at depth would signify a change in dominant 
plant type, and therefore climatic conditions, from favoring C4 plants to C3. 
 Soils that are heavily conventionally tilled are often depleted in soil C, and significant 
changes in their C concentrations can take years to decades. This leads to a dependence on 
applied C amendments. At the same time, mineralization of applied C and N amendments 
increases formation of stable compounds of C and N. This in turn decreases C and N leaching 
and may yield a net C storage (Busari et al, 2016). 
  Increase in soil OC (organic carbon) sequestration correlates with land use and 
vegetation change. d13C strongly correlates to soil IC (inorganic carbon) carbon, demonstrating 
that with more negative d13C, there is increased soil IC, which then may be mineralized and 
stored longer-term (Deng et al., 2016). Therefore, it is important to consider sources of OC and 
the biogeochemical pathways to which C is mineralized and stabilized in soil. C-enriched topsoil 
in agricultural fields can result from increased microbial activity due to irrigation. These 
microbes, with adequate water, can decompose more plant litter. Irrigated agricultural soils may 
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experience a net increase in soil OC when amendments are applied, from the degradation and 
transport of OC applied to the surface (Eschel et al., 2007). In a comparison study of 
conventional and no-till practices, after 6 years of no-till, there was a significant 13C enrichment 
in soils up to 10cm, as well as increases in isotopically heavier, less translocatable C (Ramnarine 
et al., 2018).  
Nitrogen isotope composition is also influenced by the relationship between plants, soil 
texture and type, available moisture, and the application of nitrogen fertilizers. The 
incorporation of conservation agricultural practices leads to increased soil N, through the 
mineralization and immobilization of N (Nannipieri and Eldor, 2009). Additionally, the 
availability of N in water-stressed environments is positively correlated with C concentration, 
so N may be a limiting or influencing factor on the amount of C that may be sequestered in 
soils, making it an important nutrient to examine with C (Ismaili et al., 2015). The addition of 
crop residue coupled with no till practices can increase both N and C storage by reducing the 
loss of nitrogen through leaching (Drinkwater et al., 1998).  
Soil CO2 Flux 
 In order to understand soil C stocks over time, it is necessary to determine the rate at 
which C (in the form of CO2) enters and leaves both plants through photosynthesis and soil 
through organic residue input, microbial decomposition and respiration. One measure of C fluxes 
in an ecosystem is direct chamber measurements, which can be used to determine the rate at 
which C leaves a discrete area of soil. Typically this soil CO2 flux is measured along with soil 
temperature, soil moisture, air temperature, relative humidity, and other climatic factors. C 
exchange between plants, soil, and atmosphere, through photosynthesis and microbial 
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respiration, is strongly climate-dependent. Smith and Waring (2019) determined that 
precipitation has twice the effect on C flux that soil texture, clay content, biomass, or other 
commonly associated controls have. Laboratory soil CO2 respiration studies suggests that 
increased temperatures and elevated CO2 lead to a increased CO2 flux, and a cumulative loss of 
carbon from soils (Hopkins et al., 2014). Overall soil C flux can be described through the 
measure of net ecological exchange (NEE), which is the balance of primary production and 
ecosystem respiration (Smith et al., 2010, Yan et al., 2015). An understanding of net C fluxes in 
an environment is a key component in developing a C budget and determining if soil is a net C 
sink or source. 
 In an agricultural context, there are best practices for carbon sequestration in soil, meant 
to prevent the disruption of soil and the associated release of CO2, as well as increase C inputs 
through plant residue. However, increasing available C in the soil, and preventing disruption 
does not assure that the carbon will remain in the soil. Decomposition and microbial respiration 
can rapidly remove recent carbon inputs. One estimate suggests that up to 59% of soil respiration 
is from the decomposition of organic matter less than one year old (Gaudinski et al., 2000). 
Depending on soil properties, this may yield increased or decreased soil CO2 fluxes: sandy soils 
are more likely to facilitate rapid decomposition, which increases flux rates, while silt-rich soils 
are more likely to experience slower decomposition, increased SOC and lower flux rates (Deng 
et al., 2016).  
 The conversion of conventional agricultural practices to new practices, specifically no-till 
(NT), may result in a net decrease in CO2 in the atmosphere for up to 32 years. Eventually, soil 
CO2 inputs reach a new equilibrium and the rate at which soil may sequester this atmospheric 
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CO2 would decrease over the next 70 years. This transition could store C equal to projected 
global emissions for that time period (West and Marland, 2002, Soussana et al., 2019). 
Additionally, transitioning from conventional tillage (CT) to NT should always decrease the net 
CO2 emission at the local scale, since even increased soil respiration is offset by the decrease in 
emissions from farm machinery, and the fossil fuel use in production and transportation (West 
and Marland, 2002). Detailed consideration of CO2 flux components at the local scale is needed 
to assess the potential impacts of changing management practices on the carbon budget. 
Biomass and Carbon Inputs to Soil Carbon Pool 
 The application of carbon amendments, in the form of crop residue, biochar or compost, 
is a practice meant to increase soil fertility, especially in degraded agricultural soils (Liu et al., 
2016, Nishigaki et al., 2020). The overall productivity of these soils may be limited by the 
volume of fertilizers it is financially practical to apply, and additional available carbon in topsoil 
may support increased nutrient and water retention, as well as increase crop yields (Nishigaki et 
al., 2020, Soussana et al., 2019). The relationship between carbon inputs and increased SOC is 
not linear, however. Increased available carbon in the form of crop residue, as well as decreased 
disturbance from NT practices, and increased nutrient fixation from crop rotation does not lead 
directly to increased soil C (Fuentes et al., 2010, Yoo et al., 2011). Nishigaki et al. (2020) found 
that in sandy soils, the increased CO2 flux due to the application of mulch lead to increased 
decomposition of SOC and a net soil C loss in the upper soil due to increased soil moisture 
retention, whereas in silty soil, where moisture retention was not increased, there was still an 
increased soil CO2 flux from the additional available C. Therefore, it is essential to quantify 
inputs from the application of compost, biochar, and/or crop reside, and compare the resulting 
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soil C stocks, soil CO2 flux, and soil characteristics, to determine the effect of C amendments on 
















 This study was conducted at Spoon Full Farm (47.1° N, 120.1° W), near Thorp, WA, in 
Kittitas County (Figure 1). This area of central Washington is east of the Cascade Mountain 
range, southeast of Seattle, and northwest of Ellensburg and Yakima (Figure 2). This farm is 
located along the Yakima River, on alluvial deposits. The farm is in a valley, with older terraces 
to the north and south. These terraces overlay Columbia River Basalts. Average July 
temperatures in this area are about 23°C, with average January temperatures of -2°C. Average 
annual precipitation is approximately 250-300mm.   





The primary land use in this region is agriculture, specifically growing timothy hay and 
grasses, and raising cattle. Kittitas County ranks 75th of 3,040 hay producing counties in the 
United States. Of the 172,515 acres of land in farms in the county, 41% is cropland, and 39% is 
irrigated (USDA, 2017). Spoon Full Farm, specifically, has historically farmed timothy hay 
using local conventional practices of irrigation, synthetic fertilizer application, and tillage. Since 
2016, agricultural management practices at Spoon Full Farm have been adapted to include 
rotational grazing of livestock, the addition of cover crops, and the discontinuation of synthetic 
Figure 2. Location of Spoon Full Farm, with nearby towns and cities marked. 
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fertilizers and tilling. The farm irrigates hay fields during the growing season, beginning in April 
and ending in late October. 
Site Descriptions 
 Spoon Full Farm has five primary areas: the Garden, the Triangle Field, the Boot Field, 
the Pivot Field, and an unfarmed area bordering the farm along the Yakima River (Figure 3). The 
Garden is a mixed vegetable garden, which received a mint compost application in 2016-2017, 
with a carbon to nitrogen (C:N) ratio of 7:1. The Triangle Field was used in 2019-2020 for cattle 
grazing, then planted with a clover cover crop, and irrigated. The Boot Field is the primary 
experimental field site for this research. In October 2019, the same mint compost was applied at 
a rate of 10-15 tons per acre to all but an approximately 30m2 region to the southeast. The Boot 
Field is used to grow timothy hay, and also for cattle grazing. Due to the lack of tilling for weed 
control, the Boot Field contains approximately 10 species of plant, including weeds and native 
plants. The Pivot Field was not farmed in 2019-2020. The unfarmed area contains short, native 
grasses, few trees, shrubs, and weeds. 
Soil Description 
 The soils at Spoon Full Farm are comprised of two main soil units. The unfarmed section 
nearest the Yakima River is composed of Weirman complex soils. Weirman complex soils are 
sandy-skeletal, mixed, mesic Torrifluventic Haploxerolls (National Cooperative Soil Survey, 
2019), with slopes of 0-2%, and predominantly very to extremely gravelly sandy loam. This soil 
is moderately well drained, with very low water capacity, but a high capacity for transmitting 
water, and a low water table when not irrigated (42-60 inches). The farmed area is Kayak-
Weirman complex soils, with approximately 60% Kayak series. The Kayak series is fine-loamy 
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over sandy or sandy-skeletal, mixed, superactive, mesic Aquandic Endoaquolls, with slopes of 0-
2%, and predominantly gravelly, ashy loam (NCSS, 2019). The Kayak soils are somewhat 
poorly drained, with moderate water capacity, and moderately high to high ability to transmit 
water. The depth to the water table is only about 17 to 29 inches. All farmed soils are either 
loamy sand, and sandy loam, based on grain size (Kautzman , 2019; summarized in Table 1). 
The propensity for both soil series to transmit water makes this site especially interesting for C 
sequestration potential, as carbonate accumulation may be prevented due to irrigation water and 
flushing of inorganic carbonates from the sandy soil (Sanderman, 2012). 
Figure 3 Spoon Full Farm, with each field relevant to this study labeled. 
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Table 1 Average grain size distribution for each field at Spoon Full Farm. Values are averages from multiple measurements per 









































13.5 4.9 27.1 12.7 16.8 24.6 0.4 Loam Sand 
Triangle 
Field 
7.2 1.6 22.8 14.0 18.5 35.2 0.7 Sandy Loam 
Pivot Field 4.4 2.6 31.1 15.7 17.0 28.8 0.4 Sandy Loam 
Boot Field 
North 
5.1 1.7 24.2 15.7 20.2 32.6 0.5 Sandy Loam 
Boot Field 
South 
7.4 2.6 26.1 15.3 19.9 28.2 0.4 Loam Sand 
 
Soil Sampling and Isotope Analysis 
 Soils were sampled from each of four Spool Full fields: Garden, Pivot Field, Triangle 
Field, and several sites in the Boot Field (Figure 4). Increased C concentration after application 
of compost demonstrated by Kautzman (2019) made the garden a highlighted interest area for 
repeated sampling. The Triangle Field was used for hay production and cattle grazing in 2019, 
then for clover cover crop in 2020. The Pivot Field, which was not irrigated or planted during 
2019-2020 was sampled for comparison to previous data. The Boot Field was sampled in two 
locations, due to its experimental treatment. Sampling was performed at all sites over a two-week 
period in October and November 2019, just before the Boot Field received its compost 
amendments. The Boot Field was sampled in both the north and south sections in Fall 2019. 
Sampling was conducted again in June and July of 2020, during the middle of the growing 
season, to contrast with both the fall measurements of 2019 from this study, and also with prior 
year data from Kautzman (2019). A summary table of the sampling and flux measurements 





Table 2 Sample periods during which soil core samples or CO2 flux measurements were taken, with each field they were taken 
from noted. Maximum soil core sample depth is reported in cm, and all samples were taken in 5cm intervals. 
 
 
Dates Fields Max soil core sample 
depth 
Soil CO2 Flux Measured 
Fall 2019 – (October-
November 2019) 
Pivot Field 20cm n/a 
Triangle Field 30cm 
Boot Field North 30cm 
Boot Field South 30cm 
Summer 2020 (August 
2020) 
Pivot Field 25cm Boot Field North, 
Boot Field South Triangle Field 35cm 
Boot Field North 35cm 





  Boot Field North 
 Boot Field South 
Figure 4 Sample locations marked (circles) for each field. There are two Boot Field sample locations. The 
Boot Field North was treated with compost, and the Boot Field South received no compost amendments. 
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 Soil cores were taken at depths of 0-35cm where possible, due to the extremely gravelly 
soil, at depth increments of 5cm: 0-5cm, 5-10cm, 10-15cm, 15-20cm, 20-25cm, 25-30cm, and 
30-35cm. These samples were collected with an AMS Soil Core Samplers. The sandy soil, it was 
moist enough to be cored successfully. Soil cores were collected every 5m along a 25m transect 
and the five samples from each depth along the same transect were mixed in order to generate a 
more representative sample of that field. Between sampling and processing, soil samples were 
stored in a refrigerator to minimize changes in water content or changes in C due to respiration. 
These methods are adapted from common soil sampling procedures (e.g. Cambardella and Elliot, 
1992; Bernoux et al., 1998; Tautges et al., 2019). In soil core locations where gravels interfered 
with sampling at depth, new core sites were chosen within 1m of each 5m marker (Figure 5). 
  
Figure 5 Example soil sample collection site. A 20m transect was marked off every 5m, with samples 
taken within 1m of each point. Samples were then taken at depths from 0-35cm in 5cm depth increments 




 Soil samples were sieved to <2 mm, in order to remove gravels, large roots, and other 
coarse materials, following common soil sampling and analysis methods described in articles 
such as Cambardella and Elliot (1992) and Ismaili et al., (2015). Soil water content was 
measured by obtaining mass of samples before and after drying at 105°C for 24 hours. 
Approximately 50-75g of each sample was ground for 10 minutes to homogenize. 30-40 mg of 
each sample was then weighed inside a tin capsule and then analyzed for C and N concentration, 
and δ13C and δ15N, using a Thermo Scientific Elemental Analyzer (EA) connected through a 
continuous flow system to a Thermo Scientific Delta V Plus Isotope Ratio Mass Spectrometer 
(IRMS) at the Murdock Research Laboratory at Central Washington University. This instrument 
will further be referred to as IRMS-EA. Uncertainties based on laboratory acetanilide standard 
are: 1.2‰ for N isotopes and 0.3‰ for C isotopes. Uncertainties for C and N concentrations are 
5% and 8% (relative), respectively, based on the percent relative standard deviation for the same 
acetanilide standards.  
Soil CO2 Flux 
 Soil carbon flux was measured in both treated and untreated areas in the Boot Field 
(Figure 6) using a Licor LI-8100A Soil Gas Flux Carbon Monitoring system with an LI-8150 
Multiplexer, connected to a solar battery and panels. This instrument determines the rate 
of CO2 increase within four chambers by using a series of tubes and pumps that remove gas 
sequentially from the chambers and analyze the gas using an infrared gas analyzer. Four 20-cm 
diameter PVC soil collars were installed in the soil at a depth of 5-8cm, with approximately 4 cm 
of the upper collar exposed. Two chambers were opaque, and two were clear (LI-8100-104 and 
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LI-8100-104C). The clear chambers measure net ecological exchange (NEE) when placed over 
grass, which includes root and microbial respiration, as well as photosynthesis. Opaque 
chambers over grass measure root and microbial respiration; since they obscure sunlight during 
measurement, they do not capture photosynthesis. Over bare soil, opaque chambers measure just 
microbial respiration and decomposition, as there is little to no active root respiration with no 
plants present. Additionally, each chamber has an internal air temperature and relative humidity 
sensor, as well as an external soil temperature probe (6000-09TC Omega) and soil moisture 
probe (LI-8100-205) measuring these properties at approximately 5-10cm depth within 0.25m of 
the soil collar.  
 
Figure 6 Location of Multiplexer unit, on the boundary of compost-treated and untreated sections 
of the Boot Field. Flux chambers were placed approximately 10m into the field from the 




Measurements on existing vegetation were run for approximately two weeks, then the 
plants and roots were cleared within and immediately around the collars, and then analysis was 
repeated on bare soil. The first 12 hours of measurements in each run were discarded, in order to 
compensate from change in CO2 flux due to disturbance. Bare soil measurements are CO2 flux in 
opaque chambers. Continuous measurements were taken in July and August 2020, with 
additional measurements taken as sunlight allowed in November 2020. The summer 
measurements were timed to coincide with the greatest available sunlight, and to capture warm 
temperatures, plant growth and soil respiration during irrigation. Fall measurements were timed 
to use available sunlight, but also to capture a period of cooler temperatures, low plant growth, 
and no irrigation.  
The CO2 flux measurement cycle begins with an open chamber, which then closes and the 
instrument begins logging data. Gas is pumped from within the chamber to the LI-8150 
Multiplexer and then to the LI-8100A IRGA (infrared gas analyzer) for two minutes per 
measurement to determine CO2 concentration with time. This concentration versus time data is 
converted to a CO2 flux using the Licor Soil Flux Pro software. Each chamber was set to make 
five consecutive measurements, and repeat every two hours. When available sunlight was not 
consistent or adequate to power the solar battery in Fall 2020, shorter runs were set, to ensure 
quality data was obtained on sunny days.   
Carbon Inputs from Above- and Below-Ground Biomass 
 Due to the variable vegetation across the Boot Field, established methods for calculating 
below-ground biomass of plants (e.g. give reference) were inadequate to describe the conditions 
at Spoon Full Farm. There were a variety of plant types, including many weeds, which made 
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calculating root biomass from estimates in the literature impossible. To approximate the root 
biomass of the entire field, a representative 1m x 1 m plot was cleared of above-ground 
vegetation, which was stored separately, then excavated to average root depth of about 10cm. 
The soil was then sieved to 0.75mm to ensure root losses were below 10% (Thivierge et al., 
2015). Once roots were separated from soil aggregates and the majority of loose soil, a fresh 
mass was obtained. Then, the roots were washed in a solution of water and sodium 
hexametaphosphate (100g L-1) to disperse remaining soil aggregates. The solution was decanted 
and the roots were dried at 60°C to constant weight (method adapted from Bolinder et al., 1997, 
2002, Moroke et al., 2005, Thivierge et al., 2015, and Ismaili et al., 2015). The above ground 
biomass was dried and weighed similarly. This resulted in an estimate of potential organic 
additions from above-ground (litter and plant residue) and sub-surface soil, as a component of 
carbon budgeting for the farm. In order to explore differences in isotopic composition by plant 
type, two root types were selected, “fibrous” for roots from grasses and timothy hay, which are 
all roughly the same size, and “taproots” from weeds such as bull thistle. These were separated 
after drying, ground using the same procedure as the soil samples, and analyzed for isotopic 





Carbon and Nitrogen Concentration and Isotopes 
 Chemical analysis of soil, compost, and plant tissue and roots was conducted for samples 
collected in Fall 2019 and Summer 2020. A summary of N and C concentrations, and isotope 
ratios can be found in Table 3. C and N isotopic analysis of samples collected in Fall 2019 and 
Summer 2020 showed two primary groups of isotope ratios, mainly distinguished by d13C 
(Figure 7). Soil samples and the mint compost applied to the field had a d13C of approximately -
24.75‰ to -27.5‰, while the plant root and above-ground plant tissue samples had slightly 
lighter d13C at approximately -27.5‰ to -31.0‰. d15N was more variable across even the same 
samples, with typical soil and compost sample values ranging from -3.5‰ to 8.0‰, and the 
majority of plant root and tissue samples ranging from -6‰ to 3‰. d15N among soil samples is 
also grouped by sampling season, with Fall 2019 soil samples having a d15N between 3.0‰ to 
5.0‰, and Summer 2020 (with the exception of the Pivot Field, which was not irrigated or 
planted during the 2020 growing season) soils had a d15N between -4.0‰ to 3.0‰. The mint 
compost, which was applied after Fall 2019 sampling, has a d15N within the same range as 
Summer 2020 soil samples. 
Table 3 Summary of soil and compost chemical analysis, including N wt%, C wt%, δ15N, δ13C, and C:N with standard deviations.  

























0-5 0.14 0.01 1.62 0.10 3.41 0.14 -26.24 0.03 11.24 0.11 
5-10 0.10 0.01 0.94 0.11 4.05 0.42 -25.98 1.79 9.58 0.16 
10-15 0.10 0.00 0.95 0.04 4.40 0.05 -25.86 0.17 9.72 0.04 
























20-25 0.11 0.00 0.90 0.05 4.52 0.33 -25.69 0.05 8.05 0.27 




0-5 0.15 0.00 1.43 0.03 3.68 0.07 -26.18 0.09 9.66 0.31 
5-10 0.12 0.00 1.04 0.02 3.95 0.21 -26.29 0.07 8.69 0.25 
10-15 0.10 0.00 0.75 0.02 4.39 0.22 -25.95 0.05 7.58 0.01 
15-20 0.08 0.02 0.76 0.07 4.27 0.21 -25.86 0.08 9.57 1.95 
20-25 0.07 0.00 0.80 0.03 4.13 0.17 -25.54 0.11 10.95 0.25 
25-30 0.06 0.00 0.65 0.04 4.07 0.24 -25.70 0.34 10.31 0.18 
Triangle 
Field 
0-5 0.21 0.01 2.31 0.07 3.98 0.26 -27.15 0.09 11.12 0.17 
5-10 0.18 0.02 1.81 0.07 4.42 0.32 -26.71 0.01 10.27 0.64 
10-15 0.14 0.01 1.16 0.58 4.44 0.12 -26.59 0.35 8.14 3.79 
15-20 0.13 0.01 0.49 0.03 4.52 0.23 -26.05 0.08 3.66 0.13 
20-25 0.13 0.01 0.46 0.03 4.24 0.16 -26.46 0.08 3.48 0.06 
25-30 0.11 0.00 0.40 0.06 4.41 0.11 -25.55 1.02 3.49 0.50 
Pivot 
Field 
0-5 0.19 0.02 1.96 0.27 3.54 0.22 -26.51 0.05 10.42 0.08 
5-10 0.12 0.02 1.16 0.17 3.73 0.04 -26.67 1.23 10.00 0.15 
10-15 0.11 0.00 1.09 0.01 3.59 0.16 -26.06 0.06 10.18 0.07 






0-5 0.13 0.01 1.13 0.06 0.45 1.53 -25.70 0.13 8.62 0.10 
5-10 0.09 0.00 0.69 0.04 1.32 3.63 -25.73 0.02 7.53 0.34 
10-15 0.08 0.00 0.61 0.03 1.77 0.78 -25.70 0.20 7.46 0.10 
15-20 0.08 0.02 0.59 0.04 0.04 3.37 -25.51 0.19 7.45 1.23 
20-25 0.08 0.01 0.59 0.04 1.57 0.31 -25.75 0.11 7.85 0.11 
25-30 0.06 0.00 0.47 0.03 -1.30 2.16 -25.52 0.10 7.33 0.21 




0-5 0.13 0.01 1.20 0.05 1.86 0.49 -26.01 0.21 9.27 0.03 
5-10 0.08 0.00 0.72 0.04 0.29 0.35 -25.43 0.03 9.00 0.13 
10-15 0.07 0.01 0.65 0.06 -0.19 0.55 -25.48 0.13 9.14 0.17 
15-20 0.07 0.01 0.60 0.04 1.03 1.40 -25.31 0.17 9.18 0.23 
20-25 0.06 0.01 0.60 0.04 1.63 0.60 -25.24 0.31 10.02 0.54 
25-30 0.06 0.00 0.59 0.01 4.92 1.20 -25.38 0.20 10.11 0.26 
30-35 0.05 0.00 0.52 0.04 5.12 2.04 -24.98 0.31 10.88 0.39 
Triangle 
Field 
0-5 0.19 0.02 1.68 0.23 2.20 1.09 -26.55 0.21 8.72 0.08 
5-10 0.18 0.00 1.55 0.07 1.60 0.48 -26.32 0.18 8.59 0.16 
10-15 0.12 0.02 1.02 0.10 0.47 0.83 -26.22 0.25 8.36 0.22 
 
Table 3. (continued) 
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15-20 0.10 0.01 0.81 0.09 0.40 0.58 -25.99 0.17 7.88 0.06 
20-25 0.08 0.02 0.64 0.07 -2.21 2.76 -25.99 0.18 8.20 1.92 
25-30 0.09 0.01 0.52 0.03 -1.94 0.85 -25.43 0.06 6.14 0.33 
30-35 0.13 0.03 0.64 0.13 -0.02 2.99 -26.10 0.94 5.15 0.47 
Pivot 
Field 
0-5 0.24 0.04 2.52 0.41 3.88 0.12 -27.00 0.28 10.63 0.14 
5-10 0.14 0.01 1.47 0.08 3.91 0.61 -27.47 0.27 10.28 0.52 
10-15 0.16 0.01 1.70 0.09 5.07 0.45 -27.11 0.24 10.42 0.28 
15-20 0.09 0.01 0.79 0.08 8.03 4.00 -27.14 0.07 9.18 1.03 
20-25 0.08 0.01 0.70 0.09 6.68 0.29 -26.79 0.16 9.15 0.53 
Garden 0-5 0.28 0.01 2.46 0.06 0.89 2.25 -26.15 0.27 8.95 0.02 
5-10 0.23 0.01 1.83 0.06 0.66 0.99 -26.43 0.60 8.06 0.10 
10-15 0.25 0.03 2.02 0.33 0.49 0.73 -26.44 0.38 8.03 0.51 
15-20 0.26 0.05 1.75 0.08 0.33 0.01 -25.63 1.67 6.89 1.27 
20-25 0.18 0.02 1.00 0.09 -3.44 0.73 -26.22 0.47 5.64 0.12 
25-30 0.18 0.01 0.96 0.05 -3.31 1.32 -26.26 0.30 5.46 0.06 




 - 2.96 0.34 20.48 1.70 -0.50 1.54 -25.88 0.07 7.03 1.37 
  
 C concentration at depth was determined for each sample site at 5cm intervals, down to 
25 to 35cm.  C concentration generally decreased with depth (Figure 8Figure 8a). Before 
treatment, Boot Field North had slightly more C in the 0-5cm and 10-30cm intervals than Boot 
Field South. Pivot Field, which was not being irrigated at the time of measurement, but allowed 
to grow, had greater C in the top 15cm. The Triangle Field, which was being irrigated all 
summer and used as grazing for the farm’s cows, had the greatest concentration of C at the 0-
15cm depth range, and the lowest C concentrations at depths of 20 cm and below. 
Table 3. (continued) 
 




 After treatment, Boot Field North had very similar C concentrations to the Boot Field 
South in all depth intervals, except slightly less at 30-35cm (Figure 8b). As seen in the Fall 2019 
sampling, the Pivot Field and Triangle Field also had greater C concentrations than the Boot 
Field sites at all depths. The Garden had the greatest C concentration of all measured samples at 
all depth intervals. 
 N concentrations in soils range from 0.06% to 0.28% by weight, with the Triangle Field 
having the highest overall N concentration in Fall 2019 (Figure 9a.) Prior to compost application, 
both Boot Field sites had common N concentrations from 0 to 15cm, with the Boot Field South 
Figure 7 Average δ15N plotted vs. δ13C for each field, with measurements in Fall 2019 (triangles) and Summer 2020 (squares), the 
vegetable garden with measurements in Summer 2020. Also plotted are each of three common plant types in the Boot Field North 
and South, with tissue and roots analyzed individually. Above-ground plant tissues were analyzed from Knapweed, Bull Thistle, 
and Timothy Hay. Roots were analyzed from White Clover, Bull Thistle, and Timothy Hay. All organics are plotted with circles. 
Horizontal error bars are standard error of δ13C measurements, and vertical error bars are 1.2‰ for δ15N, calculated from the 
uncertainty in laboratory standard. 
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having significantly more below 15cm. In Summer 2020, the Garden had the highest N 
concentration of all measured samples across all depths (Figure 9b.). The Boot Field North and 
Boot Field South had similar N concentrations at all depth intervals; however, slightly elevated 
N concentrations in Boot Field North at intermediate depths gives rise to lower C:N ratios for 
those soils. The Pivot Field and Triangle Field soils had intermediate N concentrations, greater 
than either of the Boot Field soils and lower than the Garden soils. 
 In each instrument run, laboratory acetanilide standards of known C and N concentration 
and isotopic ratios were run. Additionally, an internal quality check soil sample was run, this 
came from the Boot Field North in Summer 2020, at the depth interval of 0-5cm. By plotting the 
measured d13C and d15N  and C and N concentrations of this sample, variations in measurement 
can be observed (Figure 10). There was a shift in C concentrations and d15N of this sample 
during measurements that were made in March, 2021, which may have been caused by slightly 
different combustion conditions during that period. The shaded areas of the graph indicate the 
shift, reflected in the internal soil quality check standard. However, the similarity in C and N 
concentration and d13C for the North and South Boot Field sites both before and after 
composting, indicates that the precision of our measurements is excellent. While the 
measurements of C, N, and d13C appear to be very precise for a given set of measurements, there 
is still an unresolved question of accuracy and caution should be exercised when interpreting 





Figure 8 Carbon concentration (wt % C) at 5cm depth intervals from Fall 2019 (a) and Summer 2020 
(b). In Fall 2019, each field was sampled to 30cm, except for the Pivot Field, which was sampled to 
20cm. In Summer 2020, each field and the Garden were sampled to 35cm, except the Pivot Field, which 




Figure 9 Nitrogen concentration (wt % N) at 5cm depth intervals from Fall 2019 (a) and Summer 2020 (b). In 
Fall 2019, each field was sampled to 30cm, except for the Pivot Field, which was sampled to 20cm. In 
Summer 2020, each field and the Garden were sampled to 35cm, except the Pivot Field, which was sampled 






Figure 10 C (yellow) and N (orange) isotope ratios (a) and C and N wt % (b) for internal soil quality check for 














Soil Standard C and N wt %





Soil CO2 Flux 
 Soil CO2 flux measurements from August 3 to August 13, 2020 were made using PVC 
soil collars centered on timothy hay plants, with long stems cut down that would otherwise 
interfere with the instrument. The measurements from August 20th to August 31st were conducted 
with bare soil in and around the PVC collar. Conditions, flux, soil and air temperature, soil 
moisture, and humidity were recorded for each measurement. Averages for each run are reported 
in Table 4 and Table 5. In Summer 2020, the instrument was run every two hours for 5 days at a 
time. To generate an average daily CO2 flux curve, every measurement for a given time interval 
(i.e. within the 12pm hour, within the 2pm hour, etc) was averaged to represent the average over 
5 days. In August 3-8 (Figure 11), both the opaque chambers, composted and non-composted, 
had similar daily average CO2 flux curves, with the non-composted opaque chambers releasing 
more CO2 during day, between 12 pm to 6 pm. The clear chambers, which show net C exchange, 
have negative fluxes, due to photosynthesis occurring through the clear chamber during the 
daylight hours. The non-composted clear chamber recorded significantly higher photosynthesis 
(more negative CO2 flux) than the composted clear chamber.  
 





Chamber CO2 Flux (µmol/m-2s-1) Soil Temperature (ºC) Soil Moisture (%) 
Mean Max Min St 
Dev 
Mean Max Min St 
Dev 







4.9 10.1 2.8 1.7 19.2 25.0 14.2 2.9 13.9 18.7 3.9 3.0 
Compost 
Clear 















Chamber CO2 Flux (µmol/m-2s-1) Soil Temperature (ºC) Soil Moisture (%) 
Mean Max Min St 
Dev 
Mean Max Min St 
Dev 







3.3 6.0 2.2 0.7 19.2 24.3 15.2 2.6 8.7 11.7 5.9 1.8 
Compost 
Clear 












Bare Soil Compost 
Opaque 
2.4 4.4 1.8 0.5 20.8 25.8 17.3 2.4 11.4 13.7 9.0 1.4 
Compost 
Clear 












Bare Soil Compost 
Opaque 
2.0 30.3 0.8 2.0 18.2 25.7 13.0 3.3 11.7 18.8 5.6 4.9 
Compost 
Clear 














1.0 2.1 0.5 0.3 4.6 9.0 1.6 1.8 21.8 32.6 18.7 3.7 
Compost 
Clear 








0.7 2.7 -2.6 1.0 4.0 9.4 1.1 1.9 22.5 35.4 0.7 4.7 
 





Chamber Chamber Temp (ºC) Humidity (%) 





19.0 33.2 9.5 5.9 73.1 96.7 35.7 15.6 
Compost Clear 19.5 35.3 9.6 6.5 74.4 98.2 35.7 16.7 
No Compost 
Opaque 
19.9 31.5 10.4 5.4 69.7 132.6 34.6 17.7 







Chamber Chamber Temp (ºC) Humidity (%) 
Mean Max Min StDev Mean Max Min StDev 
No Compost 
Clear 





18.8 31.8 9.3 6.0 54.7 83.8 29.2 13.6 
Compost Clear 19.6 33.0 9.5 6.6 55.2 85.0 29.5 13.8 
No Compost 
Opaque 
19.3 32.0 9.8 6.0 53.2 81.4 29.3 13.4 
No Compost 
Clear 




Bare Soil Compost 
Opaque 
20.3 35.2 8.6 6.5 66.1 99.6 31.6 17.4 
Compost Clear 21.2 36.5 9.8 7.3 64.0 97.6 32.8 18.5 
No Compost 
Opaque 
20.2 34.7 10.0 6.4 68.8 101.1 32.9 20.4 
No Compost 
Clear 




Bare Soil Compost 
Opaque 
17.9 31.9 9.5 6.0 73.2 128.5 29.1 19.5 
Compost Clear 18.6 33.5 9.4 6.5 72.9 159.7 27.6 20.6 
No Compost 
Opaque 
18.5 34.8 9.8 6.4 66.9 106.8 25.1 18.9 
No Compost 
Clear 






2.1 11.5 -8.0 4.2 84.0 108.1 41.5 14.9 
Compost Clear 2.1 13.1 -8.1 4.5 86.4 105.5 47.7 14.9 
No Compost 
Opaque 
1.8 11.1 -7.9 4.1 86.4 117.6 51.8 13.8 
No Compost 
Clear 
1.6 12.7 -8.1 4.4 85.9 105.5 45.1 15.3 
 
 
 During the run between August 8th and August 13th (Figure 12), the flux for the two 
opaque chambers, both composted and non-composted, was nearly identical. The difference 
between fluxes for the clear chambers were similarly distributed in comparison to the August 3rd-
8th run, with the non-composted clear chamber indicating higher photosynthesis.  
Table 5. (continued) 




 After August 13th, the vegetation inside and around the PVC soil collars was cleared and 
runs resumed on August 20th. These runs measure bare soil respiration, since there were no 
plants within or near the collars to photosynthesize. The chamber with the lowest overall CO2 
flux was the Compost Opaque chamber (Figure 13). The Compost Clear and No Compost 
Opaque chambers had similar CO2 flux values, with the Compost Clear having higher flux during 
the 12pm to 2pm interval. The highest overall CO2 flux was in the No Compost Clear chamber, 
which was higher from 8am to 10pm each day. 
Figure 11 Daily average CO2 flux curve for each 2-hour interval between August 3rd and 8th, 2020. Error bars represent 






 The final Summer 2020 run was also on bare soil, between August 26th and 31st. During 
this run, the highest CO2 flux came from the Compost Clear chamber, which is unique to this run 
(Figure 14). The Compost Opaque chamber measured the lowest CO2 flux for the entire day. In 
between were the two non-composted chambers, which the No Compost Opaque chamber 
having slightly higher CO2 flux for each time interval.  
 
 
Figure 12 Daily average CO2 flux curve for each 2-hour interval between August 8th and 13th, 2020. 





 The Fall 2020 soil CO2 flux measurements were taken between November 5th and  
November 11, 2020, on timothy hay plants, in the same locations as the Summer 2020 
measurements. While these were on the same plant type as in fall, they were not on the same 
individual plants. The Compost Clear and No Compost Clear had the lowest flux, which 
corresponds to photosynthesis during daylight hours (Figure 15). These did not differ 
Figure 13 Daily average CO2 flux curve for each 2-hour interval between August 20th and 25th, 2020. Error bars represent 




significantly in any time period. The Compost Opaque and No Compost Opaque had similar 






Figure 14 Daily average CO2 flux curve for each 2-hour interval between August 26th and 31st, 2020. Error bars represent one 






Figure 15 Daily average CO2 flux curve for each 2-hour interval between November 5th and 11th, 2020. Error bars 






The Fate of Compost Amendments 
The application of compost on agricultural soils should increase C concentration and CO2 
flux, through the humification of the additional biomass, and associated microbial respiration and 
decomposition. After the application of mint compost to the Garden in 2016-2017, there was an 
increase in soil C even greater than the C content of the compost. Despite the increased C 
measured in 2018 by Kautzman (2019), this increased C was not preserved indefinitely (Figure 
16). However, the application of compost in the Boot Field in fall 2019 did not have the same 
impact on soil C. There was no initial increase in SOC at even the shallowest depths in the Boot 
Field North. In both the prior measurements, from Summer 2018 and Fall 2019, there was no 
significant difference in C wt% in any depth interval between Boot Field North and Boot Field 
South. Sampling was performed in approximately the same location in Fall 2019 and Summer 
2020, so the lack of difference is unlikely due to spatial heterogeneity.  The application of 
compost to the Boot Field North did not increase the C concentration significantly in the soils, 
even at the upper depth intervals (Figure 17). Variation in C concentration at depth from Summer 
2018 to Summer 2020 is a small weight %, which, at this small scale, appears to be highly 
variable. The mint compost that was applied had a C concentration of about 20%, so the 
variation between Boot Field measurements appears to be much less (Figure 18). Repeated 
compost application may result in increased C concentration in the treated area above that seen 




Figure 16 Garden C wt% measured at depth in Summer 2018 (circles) and Summer 2020 (squares). There is 
significant C loss in the upper 15cm since 2018, and lower C at depth since 2018. 
Figure 17 C wt% in the Boot Field North (yellow) and South (burgundy) in Summer 2018 (circles), Fall 2019 




The change in C to N ratios (C:N, calculated as $	&'%
)	&'%
) at depth mirrors the observed 
status of C concentration at depth. C:N ratios in the Boot Field were consistently between 8.5 
and 11.5 (Figure 19). Most notably, the C:N decreased in the Boot Field North following 
compost application. This may be due to the C:N of compost at Spoon Full Farm being very high 
in N compared standard compost ratios. Since Spoon Full soil is so N-depleted, this excess N 
may have been the primary nutrient left in the soil by the compost. Microbes that are responsible 
for have a C:N of roughly 8:1, which describes the ratio of C to N necessary for their health. The 
Figure 18 Comparison of wt% C for both Boot Field Sites, with Mint Compost included. Boot Field North appears in 
yellow, and Boot Field South in burgundy. Collection in Summer 2018 and Fall 2019 was prior to compost application in 
the Boot Field North, and Summer 2020 sample collection was after compost amendment. 
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ideal diet for soil microbes, the plant reside that they decompose, has a C:N of 24:1 (Li et al., 
2017). These microbes use about 1/3 of the C for food and respire the other 2/3. Plant tissues and 
roots in the Boot Field at Spoon Full Farm have an average C:N of 38.84 to 80.25, but the Mint 
Compost has an average C:N of 7.03 (Table 6). The C:N is an important indicator of soil 
microbial processes, because once the C:N exceeds 24:1, microbes must find other sources of N 
to supplement until the ratio of 24:1 is achieved. This may lead to the unavailability or 
immobilization of N if not enhanced with fertilizers, which kills soil microorganisms and 
disrupts the processes which would fix C in the soil. Given that the plants on the farm have 
universally higher C:N than the optimal 24:1, the soils also have an optimal-to-high C:N, but 
perhaps at the expense of microbial processes which would lead to more effective C 
sequestration. Microbes are responsible for breaking down SOC into CO2 and dissolved organic 
carbon (DOC). With the proper C and N availability, DOC can be mineralized and stabilized in 
the soil for years to decades. The addition of compost with a 7:1 C:N serves to bring down the 
average C:N, but nowhere near the degree required to have preferred ratios. 
Isotopically, the Boot Field soils also confirm the complexities of soil chemistry over spatial and 
temporal scales. Since isotopic variation among all soils and inputs did not lead to specific conclusions 
aside from the grouping of plant tissues and soil samples, below is a figure isolating just the Boot Field 
samples from Fall 2018 to Summer 2020 (Figure 20). Fall 2019 did not have any anomalous Boot Field 
North measurements, and the only real variation between the Boot Field North and Boot Field South 
was in δ13C; δ15N was grouped within 1‰. In Summer 2020, however, there was a much wider spread of 
both δ13C and δ15N. Some of the variation in δ15N is likely due to instrumentation issues discussed in the 
results section, but it does appear that the Boot Field North had a slight shift towards the isotopic 





Table 6 C:N Ratio of plant tissues and roots from Boot Field and Mint Compost applied to Boot Field North. 
Plant Part of Plant C:N Standard Deviation 
Knapweed Leaves and stems 38.8 0.7 
Timothy Hay Leaves and stems 80.3 8.8 
Bull Thistle Leaves and stems 71.5 1.7 
White Clover Roots 46.3 1.6 
Timothy Hay Roots 56.4 7.0 
Bull Thistle Roots 78.5 8.9 
Mint Compost - 7.0 0.7 
  
Isotopically, the Boot Field soils also confirm the complexities of soil chemistry over spatial and 
temporal scales. Since isotopic variation among all soils and inputs did not lead to specific 
conclusions aside from the grouping of plant tissues and soil samples, below is a figure isolating 
just the Boot Field samples from Fall 2018 to Summer 2020 (Figure 20). Fall 2019 did not have 
Figure 19 Histogram of Boot Field Soil C:N since Summer 2018. Most notably, the C:N of Boot Field North Summer 2020 
is much lower than other sample locations, and Boot Field South Summer 2020 is generally higher. 
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measurements may not necessarily reflect the long-term isotopic composition of the soil (Ma et 
al., 2012). Additionally, there is a depth component, in that δ13C gets isotopically heavier with 
depth, as decomposition of organic C occurs (Figure 21). The mint compost was closely related, 
isotopically, to the Summer 2020 samples, but was lighter in C than the soil samples. This is 






Figure 20 Comparison of δ15N plotted vs. δ13C for the Boot Field North and Boot Field South in Fall 2019 and Summer 
2020, as well as the Mint Compost that was applied to the Boot Field North after Fall 2019 sampling. Horizontal error 
bars are standard error of δ13C measurements, and vertical error bars are 1.2‰ for δ15N, calculated from the uncertainty 




The addition of compost amendments should result in increased soil CO2 flux, however, 
that was not observed in the Boot Field North during the growing season after the application of 
compost. However, an individual ecosystem may fluctuate between acting as a carbon source or 
carbon sink, depending on the interaction of many independent biogeochemical processes (Ray 
et al., 2020). Additionally, the increase in soil CO2 flux following compost or other organic 
amendments is not permanent – it may decrease after as few as 50 days post application (de 
Graaf et al., 2010, Hopkins et al. 2014). This is due to a priming effect, in which, in the presence 
of available C and N, will increase decomposition and result in increased CO2 flux (Chen et al., 
2014). The Boot Field North, and the associated vegetation, had very low amounts of nitrogen, 
which may have significantly dampened the potential peak CO2 flux, or caused any increased 
CO2 flux to not be sustained into the growing season. Repeated composting, with monitoring 
Figure 21 δ13C with depth in the Boot Field since Summer 2018. As depth increases, δ13C increases, becoming 
heavier due to decomposition of organic C. 
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immediately before and up to several months after application, would provide a better 
understanding of the temporal scale of changes in soil CO2 flux related to C amendments.  
Significantly increasing and sustaining increased soil C is difficult to accomplish quickly; 
it is impacted by the vegetation, climate, and land use practices over long time scales. By 
analyzing the isotopic composition of these soils, it is possible to describe those factors when the 
soils were formed. Since d13C can be used as an environmental indicator – the paleo-vegetation 
signature in the soil reflects the climate of the time the plants grew and decomposed in the soil, it 
is important to put the Spoon Full Farm soils in the same environmental context. Since most of 
the soils, even at depth, have d13C in the range of C3 plants (-21‰ to -35‰), it can be concluded 
that at the time of soil formation, and since, this region has had climatic conditions suitable for 
C3 plants. C3 plants, which make up most plant species, are adapted primarily for cool, wet 
climates. This region of eastern WA, while not particularly cool or wet, does not experience the 
extreme heat or dry conditions that would support great numbers of C4 plants, especially with 
irrigation supplementing the necessary water for the plants to grow efficiently. 
Denitrification of Irrigated Agricultural Soils 
 The application of C amendments in agricultural soils is a widespread recommendation to 
increase SOC concentration. When applied in place of mineral N fertilizers, these C amendments 
may also decrease losses in reactive N in the forms of N2O emissions, N leaching, and runoff 
(Xia et al., 2018). However, these impacts are not consistent across ecosystems, crop regimes, or 
soil or climatic factors. Sandy soils naturally have poor water and nutrient retention, and the 
dissolution of C, N, and other nutrients may be exacerbated by irrigation (Sanderman, 2012). A 
benefit of cover crops is fixing N in soils, however, these impacts are not universal to every 
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cover crop in every crop rotation (Tautges et al., 2019). The compost applied at Spoon Full Farm 
is high N; typically compost has a C:N of approximately 30:1, to prevent reactive losses of N as 
ammonia gas, however, lower C:N can provide significant N to depleted soils (Cogger, 2013).  
 The complexities of the N cycle at the ecosystem scale are evident at Spoon Full Farm. 
Due to increased infiltration from irrigation, paired with the sandy soils with poor water 
retention, N losses through leaching may be increased, despite the protective potential of cover 
crops and C amendments meant to increase soil health. Additionally, the application of C 
amendments may increase losses in N due to NH3 emissions, especially in soils with a low C:N 
(<30) (Xia et al., 2019). Since Spoon Full Farm soils have a C:N of consistently less than 15, and 
are consistently irrigated, increased N losses due to leaching and NH3 emissions may be a driver 
of the N cycle at the farm. Since Spoon Full Farm has discontinued the use of mineralized N 
fertilizers, this nutrient has not been replaced. In the absence of adequate reactive N, soil 
microbes are unable to survive to increase SOC stocks. This feedback loop is an important 
question in the soils here, because, while the application of N fertilizers is a complicated 
environmental contaminant issue, it would be impossible to meet the goal of C sequestration 
without adequate available N. Detailed N analysis was beyond the scope of this project, but 
future study may focus on N availability and biogeochemical pathways in these soils, as well as 
irrigation water, runoff, and the interactions with the Yakima River nearby. 
Carbon Budget Components 
 To build a reasonable, first-order C budget for Spoon Full Farm, C pools and fluxes must 
be considered at each level, between the atmosphere and deep, inorganic soil C pool. For this 
purpose, a pool and flux diagram is an appropriate visual representation of a C budget (Figure 
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22). The main C pools are atmospheric CO2, above- and below-ground biomass in the form of 
plant residue, litter, and roots, soil organic C and soil inorganic C. Important fluxes of C include 
photosynthesis, root (autotrophic) and microbial (heterotrophic) respiration and decomposition. 
 A representative 1m2 in the Boot Field is the basis for these calculations. Soil organic C 
was calculated by the measured C concentration in the soil at depth, extrapolated to 2.0m (Figure 
23). This assumes that the release of CO2 through respiration, and therefore interaction with the 
surface and atmosphere, stops by this depth. The amount of C at each 1cm depth interval was 
then calculated using the exponential equation that best fits the measured amounts up to 35cm. 
These amounts were added to give an ultimate maximum soil C content, both organic and 
inorganic. Since the Boot Field has a high cobble content at depth, these estimates were reduced 
Figure 22 Pool and flux diagram with estimated C pools and CO2 fluxes for Spoon Full Farm. Minimum Soil Organic Carbon is 
estimated with 50% cobbles at a depth of 1.5m, maximum with 25% cobbles at 1.5m depth. Minimum photosynthesis, root 
respiration, and microbial respiration and decomposition are estimated from fall CO2 flux measurements, and maximum from 
summer CO2 flux measurements.   
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to a maximum and minimum, accounting for 25% and 50% cobbles at depth, respectively. 
Cobble distribution is not consistent through the soil column, so 0% cobbles were assumed at the 
surface, increasing to 25% and 50% at 2.0m depth. This results in a total soil C of 3.0-3.6 kg/m2 
to 2m depth. Using the SIC percentages previously calculated at the farm by Kautzman (2019), 
SIC is approximated at 0.2kg/m2 up to 2m depth. Subtracting the SIC from soil total C gives a 
final estimated SOC of 2.8-3.4 kg/m2.  
  
Figure 23 Calculated C in mg from the surface to 200cm depth, 




 Soil C fluxes were calculated based on CO2 fluxes measured on the Boot Field South 
(uncomposted) in Summer 2020 and Fall 2020. Since there was no significant difference in flux 
between composted and uncomposted areas, this is a reasonable representation of the hay field 
areas of the farm. Both chamber types (opaque and clear) as well as run conditions (grass or bare 
soil), measure different components of respiration. The clear chamber over grass measures 
photosynthesis, autotrophic (plant root), and heterotrophic (soil microbe) respiration and 
decomposition. The opaque chamber over grass measures autotrophic and heterotrophic 
respiration. The opaque chamber over bare soil measures heterotrophic respiration (Figure 24). 
 Minimum CO2 fluxes were calculated using Fall 2020 data, to represent the times of the 




year in which plants are not growing and CO2 exchange with the atmosphere is lower. Maximum 
fluxes are summer averages, taken from all measurements during each run. This compensates for 
daily cycles in which photosynthesis takes place during daylight hours but at night only 
autotrophic and heterotrophic respiration is happening. The results from these calculations are 
below, in Table 7.  
Table 7 Summary of calculated pools and fluxes of C for Spoon Full Farm. 
 
 
Mass per m2 (kg) 
Pools Biomass - Above Ground 0.4 
Biomass - Below Ground 0.6 
Minimum Soil Organic C (50% 
cobbles) 
2.8 
Maximum Soil Organic C (25% 
cobbles) 
3.4 
Soil Inorganic C 0.2 
Compost Addition 0.6 
 
 
Flux per m2  
Fluxes 
 
(kg C/year)  
Photosynthesis - Fall 0.2 
Photosynthesis - Summer 2.9 
Autotrophic Respiration - Fall 0.1 
Autotrophic Respiration - Summer 0.6 
Heterotrophic Respiration - Fall 0.3 




 C pools for a representative 1m2 were calculated by sampling biomass in the Boot Field, 
as well as comparing the soil C in all soil samples. Above-ground biomass was dry weighed at 
0.4kg for all plants in a 1m2 quadrant, trimmed at ground level. Below-ground biomass 
excavated from the same plot, to a depth of 10cm. 10cm depth was chosen to obtain as much root 
mass as possible while maintaining an even volume. Root biomass measurement by excavating, 
sieving, and weighing results in a biomass loss of about 10%, due to the very fine roots that pass 
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through the sieve. Assuming 10% loss, below-ground biomass can be estimated at 0.6kg per 0.1 
m3. Compost was applied at a rate of 10-15 tons per acre, which equates to 2.2 to 3.4 kg/m2, the 
average of 2.8kg will be used as an estimate. This compost was 20.48 wt % C and has a bulk 
density of about 1.0 g/cm3, which calculates to 0.6 kg C/m2. It is important to note that the 
biomass measurements by harvest and excavating represent only a single point in time. Timothy 
hay is harvested or grazed multiple times per growing season, so the upper limit of potential C 
inputs is likely greater, if the whole year is considered. Not all of these potential biomass inputs 
entered the soil, much of it has yet to decompose or was blown away, but this is the upper 
potential for C addition, assuming that all of the plant tissue, root biomass, and compost enters 







The need to effectively sequester C represents an urgent global scientific challenge. 
Agricultural soils, which have been depleted of C due to tillage, topsoil loss, and continued land 
use change for agricultural purposes, are a prime location in which atmospheric CO2 may be 
sequestered on decadal or longer time scales. Some land management practices have already 
been identified as ways to sequester more C in agricultural soils. These include  reduced or no 
tillage, the use of cover crops to reduce soil disturbance and fix nutrients, and the application of 
C amendments onto croplands. Spoon Full Farm began many of these conservation practices in 
2016, and in the fall of 2019, applied compost to one of their hay fields in an effort to introduce 
more C into the soil. This was expected to not only increase the C concentration, but to make 
shallow soils more isotopically reflective of the compost composition, and also to increase soil 
CO2 flux by supplying nutrients to soil microbes and increasing plant growth and respiration. 
In this research, we compared the soil C and N content and CO2 flux on two sections of 
the hay field, one where compost had been applied and one where it had not. There was not a 
significant difference in soil C concentration in the two sections indicating that compost carbon 
did not enter the soil in significant amounts. We attribute this to the compost not penetrating the 
soil to begin with. Since the compost was applied in the fall, after irrigation ended for the year, 
and just in a very thin layer on top of the soil, there was no mechanism to transport C into the 
soil to be decomposed. There was also no observed difference in CO2 flux in the two sections, 
measured in the growing season following the compost application. The predicted increase in 
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CO2 flux due to compost application was not observed, likely due to the same lack of penetration 
from the compost.  
 In the vegetable garden, there was significant C gain after composting, and this 
may be attributed to application and management practice. The Garden is regularly hand-turned 
to incorporate organic matter and replant vegetables, which physically integrates the compost 
into the soil. In the Boot Field, this integration did not occur, suggesting a physical process is 
necessary to incorporate more C into the soil. Since the soil C gains in the Garden only lasted 
about 3-4 years, repeated composting would be necessary to increase soil C. Given the goals of 
sequestering soil C, repeated composting of soils depleted in C and N is not a management that 
will likely store C alone. Sandy soils have particularly vulnerable microbial communities, which 
may benefit from crop rotation, and the incorporation of mulch and plant residue into the topsoil 
(Acosta-Martinez and Cotton, 2017, Tourmel et al., 2015).  To adequately store carbon on a 
decadal or longer time scale, soil health by way of increased N and increased microbial health is 
a vital consideration: reduced tillage, discontinuing synthetic N fertilizers and adding compost 
cannot be the only C sequestration strategies.  
The C budget constructed for Spoon Full Farm demonstrates that there is significant C 
interacting with the plants and soil through photosynthesis, but almost equal respiration and 
decomposition. While there are additional budget components to consider, without the addition 
of more C, the entire SOC pool could be depleted in 2-3 years, given the rate of respiration. This 
is reinforced by the C losses in the vegetable G, and that compost additions do not compensate 
for CO2 flux due to respiration. This is a complex and dynamic system, that with further study, 




 A more detailed understanding of the overall heterogeneity of the farm soils is necessary 
to confirm details of any carbon sequestration strategy. Despite the addition of compost on the 
Boot Field, there was no significant increase in soil C, and soil C gains in the Garden from prior 
years have been lost. To better constrain the relationships between management practice and soil 
C, understanding the heterogeneity of the farm soils is important. This study measured the soil at 
5cm depth intervals, but only for the upper 30-35cm. More measurements of deeper soils, for 
example, at 10cm intervals down to 1-2m would provide a greater understanding of soil C 
processes, and more measurements in the Boot Field would provide a greater understanding of 
heterogeneity. Since samples are mixed from a 20m transect, more, shorter transects to 
understand the spatial variation would be ideal.  
 Composting to increase C sequestration is an ongoing interest at Spoon Full Farm. 
However, given the results in this study, future work may focus on application methods, 
integration methods, or carbon amendment types and their impacts on soil C. For example, 
aerating the hay field before and/or after compost application, or applying the compost in dug 
trenches may increase C storage in the soil, and this can be measured before and after compost 
application. Soil CO2 flux can now be measured in any location that has adequate sunlight for a 
solar panel setup, and the immediate and seasonal impact of carbon amendments should be 
measured to determine the impact and how long it may last. 
 Finally, Spoon Full Farm is exploring shifting their land and farm management focus 
away from hay and vegetable sales, into a livestock-based farm. Research has shown that 
livestock integration in arid to semi-arid ecosystems may increase SOC in formerly cropland 
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soils, and that this may be achieved through multiple biogeochemical pathways (Brewer and 
Gaudin, 2020). Given the potential impacts on soil carbon from increased livestock numbers, a 
better understanding of the relationship between the livestock and Spoon Full Farm soil would be 
an important component of carbon sequestration goals moving forward. Specifically, 
understanding the C inputs related to livestock grazing, by measuring the C and N concentrations 
of their manure, how much C they consume while grazing, and how much C and N are emitted 
through methane and nitrous oxide. These measurements would contribute to understanding if 
livestock and regenerative grazing can be a net C sink or source for Spoon Full Farm. Research 
into the effects of livestock on irrigated agricultural soils would also answer the scientific 
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Soil Geochemical Data 











11/6/19 0-5 1 39.5612 0.09 0.90 0.22 2.26 3.79 -26.53 10.50 
2 34.7597 0.06 0.61 0.17 1.76 3.38 -26.45 10.34 
3 33.4499 0.06 0.62 0.18 1.85 3.44 -26.56 10.41 
5-10 1 40.5897 0.04 0.41 0.10 1.02 3.70 -28.08 9.84 
2 31.6939 0.04 0.43 0.13 1.36 3.73 -26.04 10.15 
3 35.5059 0.04 0.39 0.11 1.11 3.78 -25.88 10.03 
10-15 1 39.4511 0.04 0.43 0.11 1.10 3.42 -26.12 10.19 
2 38.2105 0.04 0.42 0.11 1.09 3.62 -26.00 10.11 
3 32.7067 0.03 0.35 0.10 1.07 3.74 -26.05 10.24 
15-20 1 31.7413 0.03 0.28 0.09 0.88 3.54 -25.58 10.35 
2 32.3673 0.03 0.32 0.09 0.98 3.69 -27.12 10.59 
3 35.5129 0.03 0.32 0.09 0.90 3.88 -25.68 10.30 
Triangle 
Field 
11/6/19 0-5 1 38.5152 0.08 0.88 0.21 2.28 4.28 -27.05 10.93 
2 36.8349 0.07 0.83 0.20 2.25 3.82 -27.16 11.26 
3 39.2403 0.08 0.94 0.21 2.39 3.83 -27.23 11.17 
5-10 1 38.3131 0.06 0.68 0.16 1.76 4.20 -26.70 10.72 
2 40.2367 0.08 0.75 0.19 1.86 4.65 -26.72 9.82 
10-15 1 34.0119 0.05 0.48 0.14 1.42 4.35 -26.69 9.98 
2 35.3440 0.05 0.55 0.15 1.56 4.40 -26.87 10.66 
3 35.5382 0.05 0.50 0.13 0.50 4.57 -26.20 3.78 
15-20 1 33.0146 0.05 0.49 0.14 0.49 4.47 -25.98 3.52 
2 36.0253 0.05 0.52 0.14 0.52 4.77 -26.13 3.78 
3 34.0769 0.04 0.46 0.12 0.46 4.32 -26.02 3.69 
20-25 1 32.2744 0.04 0.48 0.14 0.48 4.19 -26.38 3.55 
2 31.8962 0.04 0.48 0.14 0.48 4.41 -26.53 3.47 
3 31.6891 0.04 0.43 0.13 0.43 4.11 -26.49 3.43 
25-30 1 35.6287 0.04 0.46 0.11 0.46 4.36 -26.14 3.99 
2 32.2314 0.04 0.39 0.11 0.39 4.54 -26.14 3.51 




10/30/19 0-5 1 38.7845 0.06 0.62 0.14 1.60 3.51 -26.21 11.22 
2 40.3479 0.06 0.62 0.14 1.53 3.48 -26.27 11.14 
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N (mg) C (mg) N wt% C wt% d15N d13C C:N 
3 38.0644 0.06 0.66 0.15 1.73 3.25 -26.25 11.36 
5-10 1 31.4075 0.03 0.27 0.09 0.85 3.58 -24.28 9.40 
2 35.4733 0.03 0.33 0.10 0.92 4.13 -25.82 9.65 
3 30.6566 0.03 0.32 0.11 1.05 4.42 -27.85 9.69 
10-15 1 34.3460 0.04 0.34 0.10 0.99 4.34 -26.05 9.72 
2 39.0572 0.04 0.36 0.09 0.92 4.41 -25.72 9.69 
3 36.7374 0.04 0.35 0.10 0.95 4.44 -25.80 9.76 
15-20 1 37.3382 0.04 0.38 0.12 1.03 4.92 -25.87 8.55 
2 36.1612 0.04 0.34 0.11 0.94 4.93 -26.04 8.21 
3 34.2615 0.04 0.32 0.12 0.94 4.58 -26.07 8.00 
20-25 1 33.1529 0.04 0.32 0.12 0.96 4.17 -25.66 8.32 
2 35.1538 0.04 0.31 0.11 0.88 4.59 -25.65 7.77 
3 38.1820 0.04 0.33 0.11 0.86 4.82 -25.75 8.06 
25-30 1 37.0215 0.04 0.31 0.11 0.85 4.43 -25.76 7.74 
2 38.1026 0.04 0.30 0.10 0.78 4.47 -25.64 7.68 




10/30/19 0-5 1 31.3726 0.05 0.44 0.15 1.40 3.74 -26.15 9.43 
2 35.3242 0.05 0.51 0.14 1.44 3.60 -26.28 10.02 
3 32.7956 0.05 0.48 0.15 1.45 3.69 -26.10 9.53 
5-10 1 35.5678 0.04 0.37 0.12 1.05 3.71 -26.24 8.60 
2 37.9511 0.04 0.40 0.12 1.06 4.10 -26.37 8.97 
3 34.7748 0.04 0.35 0.12 1.02 4.05 -26.26 8.50 
10-15 1 38.1532 0.04 0.28 0.10 0.72 4.34 -25.99 7.58 
2 37.1494 0.04 0.28 0.10 0.75 4.64 -25.90 7.56 
3 35.5542 0.04 0.27 0.10 0.76 4.20 -25.95 7.58 
15-20 1 33.7266 0.04 0.26 0.10 0.76 4.22 -25.82 7.32 
2 35.2125 0.03 0.29 0.08 0.83 4.51 -25.95 10.80 
3 32.1056 0.02 0.22 0.07 0.70 4.09 -25.80 10.59 
20-25 1 39.4169 0.03 0.31 0.07 0.80 4.17 -25.62 11.21 
2 33.1302 0.03 0.27 0.08 0.83 3.95 -25.41 10.92 
3 32.8868 0.02 0.25 0.07 0.77 4.29 -25.60 10.71 
25-30 1 31.3767 0.02 0.21 0.07 0.68 4.00 -26.08 10.51 
2 33.8180 0.02 0.22 0.06 0.66 3.86 -25.59 10.16 





6/30/20 0-5 1 33.2510 0.09 0.97 0.27 2.91 4.00 -26.67 10.78 
2 30.3055 0.06 0.64 0.20 2.10 3.76 -27.18 10.50 
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N (mg) C (mg) N wt% C wt% d15N d13C C:N 
3 32.2113 0.08 0.82 0.24 2.55 3.89 -27.14 10.63 
5-10 1 32.5638 0.04 0.45 0.14 1.38 4.19 -27.28 9.86 
2 30.1213 0.05 0.46 0.15 1.52 4.33 -27.34 10.13 
3 32.0354 0.05 0.49 0.14 1.52 3.21 -27.78 10.86 
10-15 1 37.1552 0.06 0.59 0.15 1.60 4.72 -27.38 10.67 
2 30.7997 0.05 0.55 0.17 1.78 4.91 -27.06 10.47 
3 36.3816 0.06 0.63 0.17 1.72 5.57 -26.90 10.12 
15-20 1 36.8856 0.03 0.26 0.09 0.72 7.10 -27.08 8.00 
2 35.0662 0.03 0.30 0.09 0.87 12.41 -27.11 9.67 
3 38.0322 0.03 0.30 0.08 0.79 4.58 -27.22 9.88 
20-25 1 35.4648 0.03 0.28 0.08 0.78 6.41 -26.93 9.75 
2 37.4781 0.03 0.23 0.07 0.61 6.66 -26.61 8.71 
3 37.4764 0.03 0.27 0.08 0.72 6.98 -26.83 9.00 
Triangle 
Field 
7/13/20 0-5 1 30.6704 0.05 0.44 0.17 1.43 2.93 -26.79 8.67 
2 39.3104 0.08 0.67 0.20 1.70 2.72 -26.39 8.68 
3 34.7954 0.07 0.66 0.21 1.89 0.94 -26.45 8.82 
5-10 1 31.7288 0.06 0.47 0.18 1.48 1.10 -26.20 8.41 
2 35.6265 0.07 0.57 0.18 1.60 2.05 -26.24 8.72 
3 37.5079 0.07 0.59 0.18 1.58 1.65 -26.53 8.64 
10-15 1 30.7773 0.04 0.32 0.12 1.04 1.12 -26.48 8.35 
2 32.3921 0.04 0.36 0.14 1.11 0.76 -25.98 8.14 
3 37.4576 0.04 0.34 0.11 0.91 -0.47 -26.21 8.58 
15-20 1 33.7969 0.04 0.30 0.11 0.90 0.95 -26.16 7.93 
2 32.0292 0.03 0.23 0.09 0.73 -0.19 -26.01 7.81 
3 31.4168 0.03 0.25 0.10 0.80 0.45 -25.82 7.91 
20-25 1 34.2686 0.03 0.24 0.10 0.70 -0.26 -26.20 7.05 
2 31.3115 0.02 0.17 0.05 0.55 -4.17 -25.91 10.41 
3 33.0154 0.03 0.22 0.09 0.66 -6.12 -25.87 7.13 
25-30 1 39.2761 0.03 0.21 0.08 0.53 -1.48 -25.48 6.49 
2 34.2801 0.03 0.17 0.08 0.48 -1.42 -25.44 6.08 
3 32.6610 0.03 0.18 0.09 0.55 -2.92 -25.37 5.85 
30-35 1 32.5826 0.03 0.16 0.09 0.50 -7.51 -25.02 5.70 
2 38.5656 0.05 0.26 0.14 0.69 2.09 -26.77 4.83 




7/13/20 0-5 1 31.4891 0.04 0.38 0.14 1.20 1.59 -25.83 8.59 
2 40.3231 0.05 0.45 0.13 1.12 1.04 -25.57 8.53 
 
72 






N (mg) C (mg) N wt% C wt% d15N d13C C:N 
3 32.6711 0.04 0.35 0.12 1.08 -1.29 -25.72 8.73 
5-10 1 36.5964 0.04 0.25 0.10 0.70 3.89 -25.72 7.24 
2 34.3526 0.03 0.25 0.09 0.73 9.01 -25.72 7.91 
3 31.7005 0.03 0.20 0.09 0.64 -1.24 -25.75 7.45 
10-15 1 30.9582 0.03 0.20 0.09 0.63 0.90 -25.46 7.34 
2 36.2694 0.03 0.22 0.08 0.60 1.99 -25.78 7.48 
3 36.5702 0.03 0.21 0.08 0.58 2.41 -25.84 7.55 
15-20 1 32.9549 0.03 0.20 0.10 0.62 3.79 -25.62 6.04 
2 37.6243 0.02 0.20 0.07 0.54 -2.74 -25.62 8.26 
3 38.4144 0.03 0.24 0.08 0.62 -0.92 -25.30 8.06 
20-25 1 30.6726 0.03 0.19 0.08 0.63 1.71 -25.71 7.77 
2 36.7459 0.03 0.21 0.07 0.58 1.80 -25.87 7.98 
3 36.0649 0.03 0.20 0.07 0.55 1.21 -25.67 7.82 
25-30 1 31.1678 0.02 0.15 0.07 0.49 0.23 -25.61 7.51 
2 35.3162 0.02 0.16 0.06 0.44 -0.36 -25.42 7.11 
3 38.3971 0.02 0.18 0.06 0.47 -3.78 -25.54 7.38 
30-35 1 33.7767 0.02 0.11 0.05 0.33 -1.34 -25.04 7.28 
2 35.2491 0.02 0.11 0.05 0.32 -2.09 -25.09 6.92 




6/30/20 0-5 1 38.1059 0.05 0.44 0.12 1.14 1.59 -26.25 9.31 
2 37.0208 0.05 0.45 0.13 1.21 2.43 -25.90 9.27 
3 37.0443 0.05 0.46 0.14 1.25 1.57 -25.89 9.25 
5-10 1 35.3366 0.03 0.27 0.08 0.76 0.08 -25.42 9.15 
2 35.4654 0.03 0.26 0.08 0.72 0.10 -25.47 8.93 
3 38.3953 0.03 0.26 0.08 0.67 0.70 -25.42 8.91 
10-15 1 31.4587 0.02 0.22 0.08 0.71 0.37 -25.34 9.10 
2 31.4449 0.02 0.20 0.07 0.65 -0.74 -25.48 9.33 
3 37.7158 0.02 0.22 0.07 0.59 -0.21 -25.60 9.00 
15-20 1 39.2518 0.03 0.23 0.06 0.60 -0.21 -25.43 9.21 
2 34.793 0.03 0.23 0.07 0.66 1.97 -25.30 8.87 
3 36.0303 0.02 0.21 0.06 0.58 2.50 -25.44 9.43 
4 39.9977 0.03 0.23 0.06 0.58 -0.12 -25.08 9.22 
20-25 1 35.3811 0.02 0.22 0.07 0.64 1.21 -24.88 9.71 
2 37.6236 0.02 0.22 0.06 0.59 5.90 -25.38 9.69 
3 35.2242 0.02 0.20 0.05 0.56 2.05 -25.46 10.64 
25-30 1 34.1985 0.02 0.20 0.06 0.59 3.80 -25.27 10.34 
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N (mg) C (mg) N wt% C wt% d15N d13C C:N 
2 35.1727 0.02 0.21 0.06 0.58 4.77 -25.24 10.16 
3 40.0343 0.02 0.24 0.06 0.61 6.19 -25.61 9.82 
30-35 1 39.3095 0.02 0.20 0.05 0.51 6.56 -25.21 10.56 
2 31.0258 0.02 0.18 0.05 0.57 -2.97 -25.11 11.32 
3 39.5898 0.02 0.19 0.05 0.48 3.68 -24.63 10.74 
Garden 7/6/20 0-5 1 38.2593 0.11 0.93 0.27 2.42 -0.70 -26.34 8.96 
2 37.6445 0.10 0.94 0.28 2.50 2.48 -25.96 8.93 
3 37.5696 0.11 0.98 0.28 2.60 1.76 -25.53 
 
5-10 1 36.9455 0.08 0.65 0.22 1.76 -0.46 -25.78 8.00 
2 35.9558 0.08 0.66 0.23 1.84 1.38 -26.96 8.00 
3 38.8685 0.09 0.73 0.23 1.88 1.07 -26.55 8.17 
10-15 1 35.0059 0.08 0.57 0.22 1.64 -0.35 -26.77 7.45 
2 35.3654 0.09 0.76 0.26 2.14 0.85 -26.53 8.23 
3 37.4047 0.10 0.85 0.27 2.27 0.97 -26.02 8.41 
15-20 1 38.0774 0.12 0.65 0.31 1.69 3.63 -23.72 5.45 
2 32.3423 0.08 0.59 0.25 1.84 0.32 -26.86 7.36 
3 38.6248 0.09 0.67 0.22 1.73 0.33 -26.30 7.86 
20-25 1 33.4957 0.06 0.35 0.18 1.04 -4.21 -26.60 5.78 
2 38.0396 0.06 0.34 0.16 0.89 -3.34 -26.37 5.56 
3 31.3943 0.06 0.33 0.19 1.06 -2.77 -25.70 5.58 
25-30 1 33.7213 0.06 0.33 0.18 0.99 -2.37 -26.05 5.50 
2 38.6408 0.06 0.35 0.17 0.92 -4.24 -26.47 5.41 
7/13/20 30-35 1 33.7682 0.04 0.36 0.11 1.05 3.80 -27.91 9.55 
2 30.5205 0.04 0.42 0.14 1.38 -3.92 -28.24 9.86 
3 34.7920 0.04 0.46 0.13 1.31 -3.20 -27.67 10.08 
  Organic 
Inputs 
10/30/20 Cow Pie 1 0.9072 0.01 0.39 1.63 43.54 2.68 -28.35 26.70 
2 1.4004 0.02 0.60 1.60 42.98 7.04 -27.95 26.87 
3 0.8376 0.01 0.35 1.38 42.02 -0.98 -28.34 30.35 
Knapweed 1 1.2979 0.02 0.60 1.17 46.39 -0.85 -28.26 39.75 
2 1.1880 0.01 0.55 1.18 46.51 -4.12 -28.00 39.39 




1 1.0929 0.01 0.45 0.56 41.14 -2.78 -28.48 72.84 
2 0.5819 0.00 0.25 0.49 43.08 -5.08 -28.85 88.70 




1 1.3556 0.01 0.29 0.49 21.19 -2.46 -28.14 43.38 
2 1.3539 0.01 0.29 0.46 21.58 -1.21 -27.64 46.51 
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N (mg) C (mg) N wt% C wt% d15N d13C C:N 
3 1.1635 0.01 0.26 0.45 21.98 -2.14 -28.23 49.02 
Timothy 
Hay Root 
1 1.2743 0.01 0.49 0.77 38.32 0.56 -28.62 49.82 
2 1.2399 0.01 0.48 0.79 38.90 -1.44 -28.50 49.05 
3 0.5408 0.00 0.23 0.59 41.73 -5.57 -30.17 70.32 
Timothy 
Hay 
1 0.7915 0.00 0.37 0.50 46.85 2.53 -29.06 93.88 
2 1.0980 0.01 0.50 0.55 45.91 -3.17 -28.17 83.10 
3 1.1106 0.01 0.47 0.66 42.30 -4.36 -29.62 63.77 
Bull 
Thistle 
1 0.9191 0.01 0.40 0.63 43.05 -5.86 -30.93 68.39 
2 1.0814 0.01 0.46 0.59 42.75 -4.62 -30.18 72.04 
3 0.8773 0.01 0.38 0.58 43.28 -4.73 -30.23 74.03 
10/30/19 Mint 
Compost 
1 1.1865 0.03 0.27 2.45 22.89 -0.85 -25.88 9.35 
2 0.5772 0.02 0.11 3.20 18.90 -2.84 -25.97 5.91 
3 0.6584 0.02 0.13 3.05 19.06 1.37 -25.92 6.25 
4 0.6945 0.02 0.15 3.29 21.52 -0.09 -25.80 6.55 
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